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Among the properties which distinguish the
skin surface and hair lipids from the depot lipids
are the large proportion of free fatty acids and
the presence of numerous fatty acids in both the
free and combined fatty acid fractions with (1)
odd number of carbon atoms, (2) unsaturation in
unusual positions and (3) branched chains (1, 2,
3, 4). The free fatty acids and the unusual types
of fatty acids may be derived, at least in part,
from bacterial action on the skin surface (5, 6).
The present study, utilizing gas-liquid chromatog-
raphy, was designed to determine, by use of germ
free rats, if the presence of bacteria results in a
qualitative change (number of fatty acids present)
in the free and combined fatty acids of rat hair
lipids.
PROCEDURE
Ten germ free male rats (Charles River Breed-
ing Laboratories, Inc., No. Wilmington, Mass.)
were divided into 2 groups of S rats each. The
lipids were extracted from the hair of S of the ani-
mals upon receipt and from the other S rats after
exposure to the usual animal room atmosphere
for 3 weeks (germ free and germ exposed, 35 and
129 gms average body weight, 2.1 and 8.5 gms hair,
respectively) by sequential extraction with ace-
tone, petroleum ether and benzene (100 and 200
ml of each solvent, germ free and germ exposed
rats, respectively). The hair was collected from
the back and abdomen of the rats by use of
electric clippers (Oster Model 10, No. SO, size 0000
head assembly). Hair was not collected from areas
likely to contain contaminating body fluids. The
clipper assembly was specially cleaned to prevent
contamination of the hair with lipid materials.
During collection of the hair, the animals were
held with rubber gloves. The hair was collected on
paper and transferred directly to the acetone
without coming in contact with any substances or
instruments which could contribute lipid material
to the hair. The hair from the S rats in each group
was pooled before extraction.
The 3 extracts from each type of hair were com-
bined and reduced to dryness with a rotating
vacuum evaporator at 40° C. The residues were
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extracted 3 times with 10 ml volumes of hexane.
The combined hexane extracts were reduced to
dryness with a nitrogen stream and weighed (45
and 248 mg of lipids, germ-free and germ-exposed,
respectively). The products were each dissolved in
10 ml of hexane and extracted 3 times with S ml
volumes of 0.1 N NaOH in 50% ethanol-water.
The combined ethanol water extracts were acidi-
fied to pH 1 by addition of concentrated HCL and
extracted 3 times with equal volumes of hexane.
The hexane extracts containing the free fatty acids
were combined and reduced to dryness with a
nitrogen stream.
Each of the lipid residues remaining after ex-
traction of the free fatty acids was subjected to
alkaline hydrolysis with 2.5 ml of absolute ethanol
and 2.5 ml of 0.1 N KOH at 70° C. for 4 hours.
The unsaponifiable materal in the hydrolysis mix-
tures was extracted with three 10 ml volumes of
hexane. The ethanolic-KOH solutions were acidi-
fied and the fatty acids were extracted as described
for the free fatty acids. The fatty acids released
by the alcoholic-KOH treatment are referred to as
combined fatty acids.
The fatty acids from each source were meth-
ylated by interesterification with S ml of 2.5%
(V/V) H2S04 in dry methanol at 78° C. for 1 hour.
The fatty acid methyl esters were subjected to gas-
liquid chromatography under the conditions de-
scribed on Fig. 1. The positions of the fatty acids
indicated on the figures were determined by add-
ing known fatty acid methyl esters to the rneth-
ylated fatty acids from the hair fats. A solvent
blank carried through the complete analytical
procedure demonstrated that none of the com-
ponents on the chromatograms could be attributed
to substances present in the solvents.
Bacterial counts were made on the rats as re-
ceived and on the exposed rats after 5 days in the
animal room. No initial bacterial contamination
was detected and after 5 days exposure to animal
room atmosphere, extensive bacterial growth
from common non-pathogenic skin surface organ-
isms was obtained. The rats were fed a standard
dry lab chow ad libitum (vegetable base, large
pellet size) and maintained in cages which pre-
vented physical contact of the animals with the
food supply. Small particles of this diet did not
adhere to the animal coat.
RESULTS AND DISCUSSION
Twenty components with retention times equal
to or greater than lauric acid methyl ester are
present in the chromatographs of the methyl
esters of the free fatty acids of the hair lipids
from both germ free and germ exposed rats (Fig.
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FoG. 1. Gas liquid chromatograms of the methyl esters of free fatty acids of hair lipids from germ
free and germ exposed rats.
1). The retcntion times of the corresponding peaks
of each of the 20 components are the same in the
two chromatographs of the free fatty acid methyl
csters. Under the conditions of the present chro-
matography, fatty acid methyl esters with reten-
tion times less than that of lauric acid methyl
ester are not satisfactorily separated. Additional
components with retcntion times longer than those
presented in Fig. 1 can be detected, but under the
conditions of the present isothermal chromatog-
raphy, their separation is not sharp.
Fig. 2 describes the separation of the fatty acid
methyl esters obtained from the combined fatty
acids of the hair lipids of the germ free and germ
exposed rats. Components with the same retention
times are present in the fatty acid methyl esters
from the two sources. Two additional components
with retention times greater than linolenic acid
methyl ester are present in the methyl esters of the
combined fatty acids which are not present in the
methyl esters of the free fatty acids.
These experiments do not indicate a qualitative
change (number of fatty acids present) in the
free or combined fatty acids of rat hair lipids due
to the presence of bacteria. These data demon-
strate that the complex mixture of fatty acids
found in rat hair lipids result from metabolic
processes of the animals. Since the source of the
free fatty acids of the surface lipids is probably
glycerides (5), these data confirm the presence of
lipolytic activity associated with the skin surface
(6). These experiments, however, do not indicate
that bacteria cannot alter the quantitative compo-
sition of the skin surface fatty acids nor do they
indicate that bacterial lipolytic action on the skin
surface is not significant. Differences in the relative
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FIG. 2. Gas liquid chromatograms of the methyl esters of combined fatty acids of hair lipids from
germ free and germ exposed rats.
quantity of certain free and combined fatty acids
from germ free and germ exposed rats are evident
in Figs. 1 and 2. A series of additional experiments
designed to evaluate any quantitative changes in
the fatty acids of hair lipids resulting from bacte-
rial action are now in progress.
SUMMARY
The free and combined fatty acids of rat hair
lipids from germ free and germ positive rats were
separated by gas-liquid chromatography. The pres-
ence of bacteria did not produce a qualitative
change (number of fatty acids present) in either
the free or combined fatty acids of the rat hair
lipids.
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